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ABSTRACT 


This report gives the operator of the Hewlett-Packard 
(HP-41) handheld calculator the ability to quickly and accu- 
rately determine the power requirements of a helicopter in 
the preliminary design phase. These power requirements are 
computed for three landing gear configurations: skid, fixed 
wheel, and retractable wheel. By comparing the power required 
for each configuration, the user can determine the optimum 


landing gear for the design. 
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Ee  LNDTRODUCTION 


A. BACKGROUND 

The design process for any aircraft is a tedious, often 
repetitive procedure, and for a Helicopter, all complexities 
are compounded. In order to facilitate the design process, 
computer programs have been derived that will repiace long 
calculations with a speedy solution to many of the problems. 
These programs, however, are generally quite lengthy and are 
not amenable to an educational conceptual design project, or 
to ‘quick looks' at proposed decisions. 

Two aids to the determination of helicopter performance 
and/or helicopter design have been developed in the Depart- 
ment of Aeronautics at the Naval Postgraduate School. These 
are the series of programs for the HP-41l handheld computer 
[Ref. 1] and the Helicopter Conceptual Design Manual [Ref. 2] 
which uses these programs. 

None of these programs relate to the landing gear of the 
helicopter, even though such programs are necessary in order 
to determine the most advantageous landing gear configuration 


nomad Pabewecular design. 


B. GOALS 

The initial goal of this project was to develop a series 
of programs for the handheld HP-41 computer which would 
enable the student to determine which landing gear configura- 


tion best complements his design. In the course of 








accomplishing this goal, it became apparent that numerous 
additional programs, written from the Helicopter Design 
Manual, would be required. A second goal was therefore 
established; to program the design course in such a way that 
the student could accomplish his required tasks without the 
mundane iterative calculations required in a design proce- 
dure. If hand calculations were required, instructors 
could rapidly check the student's work with these programs. 

Mr. Ronald Shinn, from the Advanced Systems Branch, Army 
Aviation Research and Development Command, provided an addi- 
tional goal. Inasmuch as a definite need exists for the 
design engineer to be able to quickly and inexpensively 
derive a design that is fairly accurate in the preliminary 
design phase, a third goal was established; to obtain an 
output from the programs which is, on average, within ten 
percent of the Advanced Systems Branch large scale computer 
DECgLram OUTDMC . 

A final goal was to design the programs in such a way as 
to eliminate the necessity for the student or design engineer 
to refer to charts and graphs for the necessary input infor- 


mation. Thus, the programs are designed to be "self-contained." 








di. APPRROAGHATO THE PROSEEM 


A. BASIC LINE OF APPROACH 

A series of programs were written for the HP-41, which 
would output the horsepower required at various airspeeds 
and altitudes for a helicopter with skid, fixed wheel, or 
retractable type landing gear. From these power outputs, a 
graph can be plotted which will indicate the crossover point, 
1.@€., where the retractable gear, with its additional weight 
and reduced drag, will require less power than the skid or 
fixed wheel configured aircraft. Thus, depending cn the 
average environment of the helicopter in question, a deter- 
mination can be made as to which type of landing gear would 


contribute the most to the design. 


Be Desai EeED LINE OF APPROACH 

As stated in section 1B, one goal of this project was to 
eliminate, as much as possible, the use of graphs and charts 
to provide the necessary inputs when utilizing the programs. 
With this objective in mind, Chapters Two and Three of the 
Helicopter Design Manual were programmed. The Chapter Two 
program, entitled MR (Main Rotor), does not deviate from the 
design manual. By inputting the specification weight, rotor 
radius, critical Mach number, and maximum forward velocity, 
the program displays the maximum rotor tip velocity, disk 


Heae@ing, rotational velocity, coefficient of thrust, solidity, 


Jee 








enora length, aspect ratio, and coefficient of lift. The user 
is then prompted as to whether the value inputted for Rotor 
Radius, R, 1S satisfactory (i.e., are the displayed values 
within prescribed limits? Pe readucelon iJ1nerOror radqlus will 
increase disk loading, decrease aspect ratio, and increase 
rotational velocity.) If a new value for R is not needed, the 
Chapter Three program, entitled PHV, (Power to Hover), is 
executed. This program computes the power to hover out of 

and in ground effect. The subroutine "FM," (Figure of Merit), 
1s then executed from the PHV program. If the Figure of Merit 
Poereeain limes (.7 tO .8), Ehe subroutine "WE," (Weight), is 
executed. If, however, "FM" is out of limits, the program 
prompts the user as to whether the value is high, in which 
case the subroutine "CHD," (Chord), 1S executed, or low 
(Subroutine "RV," (Rotational Velocity), is executed). 

The "WT" subroutine (uSing sixty percent of the specifi- 
cation gross weight as a first approximation for empty weigh? 
computes a second approximation of the empty weight using the 
equations found in the Weight Estimating Relationships [Ref. 
3]. To this empty weight are added fuel, useful load, and 
landing gear weight. 

For the first iteration, a skid gear weight is added and 
is used as a case for future landing gear computations. The 
take-off gross weight is displayed and the user is prompted 
as to whether this weight is satisfactory (i.e., 1f enough 


allowance is made for the additional weight of the fixed and 


Jee 





retractable type landing gears, keeping in mind the maximum 
allowable gross weight specified for the design). If the 
weight is not satisfactory, the WT program uses the second 
approximation of empty weight as a base and re-computes the 
take-off gross weight aS before. If this value is satisfac- 
tory, the MR, PHV, and associated subroutines are re-executed 
using this new gross weight approximation. If all displayed 
values are still within specifications, the program prompts 
evesUser CO Clear certain programs from computer memory and 
£O input other programs. This must be done due to the limited 
number of storage registers available in the HP-4l. The 
inputted programs are PTOT, PCOMP, and ESHP; (Power Total, 
Compressibility Power, and Equivalent Shaft Horsepower, 
respectively). 

Three PTOT programs have been written. One is designed 
specifically for use with the HP 82143A printer. The output 
1S automatic and consists of a velocity and the equivalent 
shaft horsepower required at that speed. A second program 
outputs only the ESHP required for an inputted velocity (no 
printer required). The third program may be used with or 
without the printer and displays all of the individual powers 
that comprise the ESHP for a specified velocity. 

The subroutines EFPA, PCOMP, and ESHP are used in the 
Main program PTOT. EFPA computes the effective flat plate 
area of the design helicopter. This value is determined from 


the aircraft gross weight, its landing gear configuration and 


ie 











Teeiinere ene alrecraft, in the opinion of the user, has clean 
or dirty lines. PCOMP computes the additional horsepower 
required due to compressibility effects while ESHP computes 
the extra power needed due to accessories, transmission 
losses, and losses due to multiple engine installation. 

Once PTOT has been executed and the data recorded, the 
User re-executes the WT program. Since the skid landing gear 
is to be used as a base for determining the weight of the 
Fixed and retractable gear, the program automatically bypasses 
the component weight calculations, thereby allowing the 
identical empty weight to be used. The user inputs the same 
values for fuel and useful load weight. Following the 
calculator prompts, the user inputs fixed gear information. 
The new take-off gross weight is computed and the program 
transfers to PTOT. The reader will recall that during the 
first iteration of the WT program (using skid gear informa- 
tion), the MR program was re-executed to insure that the newly 
computed value of gross weight did not result in specification 
violations. The additional weight of the fixed and retract- 
able landing gear results in less than a four percent 
increase in the total gross weight of the aircraft. It is 
therefore not necessary to again check the MR values, for 
this small increase in gross weight will not result in speci- 
fication violations. After obtaining the power outputs with 
the fixed landing gear, re-execute the WT program, inputting 


retractable landing gear data. Once the three data sets have 


13 








been computed, it is a simple matter to compare these lists 
to determine the crossover points. 

For a graphical display of the crossover points, two 
programs have been developed: MYPLOT and POWERPLO [Ref. 4]. 
These programs are compatible with the TEXTRONICS/DISSPLA 


package. 
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iit.” RESUS be CONCLUSIONS 


This series of programs allows the user to guickly and 
accurately determine the power required of a helicopter at 
any speed, and at any altitude. The user is able to deter- 
mine the most advantageous landing gear configuration for 
his design depending on the projected mission environment 
Gummene alrcrarct. 

In an attempt to display the accuracy of these programs, 
three sample problems are solved in Appendix B. The first 
1s a step-by-step cargo helicopter design problem, The 
second is an attempt to design a current production heli- 
copter, the Hughes AAH-64, and compare the actual power 
outputs with the HP-41 program outputs. The third problem 
compares the Army Aviation Research and Development Command's 
Advanced System's computer power outputs with that of the 
HP-41 program outputs given the identical input data. 

Though accurate, inexpensive, and rapidly executed, it 
must be emphasized that these programs represent only the 
"back of the envelope" phase of preliminary design. Further 
detailed analysis currently requires the use of expensive 


main frame computers. 


ic 





APPENDIX A 


HP-41 COMPUTER PROGRAM 


MAIN ROTOR (MR) 
ime PURPOSE 

This program represents the Second Chapter in the Heli- 
copter Design Manual. It computes the disk loading (DL), 
rotational velocity (PV), coefficient of thrust (CT), 

Selvarey (SD), chord length (c), aspect ratio (AR), coeffici- 
ent of lift (CL), and the maximum rotor blade tip velocity 
V(TIP) given the following inputs: 

A) Specification Weight (Spec Wt): the absolute maximum 
gross weight allowable. 

B) Main Rotor Radius (R): this is an educated guess. 
Start by using the design maximum radius allowed. 

Seeritical Mach Number (Mch Crit): "to prevent the rotor 
blade from encountering undesirable compressibility effects, 
use the historically acceptable value of .65. 

D) Maximum Forward Velocity (VF Max): input the design's 
maximum forward velocity. 

Throughout all of these programs, when prompted for a Yes 
or No answer, the user should input a 1 for Yes, and a O for 


No. 


Ze OuUATIONS 


DL=(GW) /( (PI) *R**2) where the first approximation 
Of (GWe= =e Sp eCawicy) =o). 
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Weemax) ssl = (Mch Crit) * (a) where a = 
sqrt(Gamma * g * R * T) 


RV=VT (Max) / (R) 
CT=(GW)/(A * RHO * VT (Max) **2) 


Sp—(CT/ (BL) 
where BL=((#.16667) *(VF Max/.59248)/VT Max) + .15515 


Note: The blade loading calculation is derived from a chart 
of blade loading vs. advanced ratio. The chart is linear 
for an advanced ratio (VF Max)/(VT Max) of > .35. The 
equation for a straight line (ysmx+b) was therefore used 
BetGeGhiis Approximation. 

c= (SD * PI * R)/b 

AR=(R)/c 


ee 4o°  * CT) /SD 


where: 
BRe= disk loading GW = gross weight 
R = radius of the main rotor VT (Max) = blade maximum 
tip velocity 
RV = rotational velocity CT = coefficient of thrust 
RHO = density altitude SD = solidity 
BL = blade loading b = no. Of main rotor blades 
cee — chord (main rotor) AR = aspect ratio 
@ie= GOetricient of 1ift A = Area of main rotor 


ay 








3. FLOWCHART (MR) 


start 


NO 


fnput. 
spec wt 
(R39) 


| ae 
radfus 
(R) RO5 


compute 
OL (R31) 


Crit Mach 
(RO3) 
sf 00 


compute 
VT max 
(R13) 








FLOWCHART (MR) (CONT) 


compute 
RV (RO8) 


compute 
Ct (R14) 


ifalelenal 
VF max 
(R23) 


compute 
SO (R19) 


O 
O 
~~ 
DVO 
Oc 
He 
~O 
O 


compute 
AR (R32) 


compute 
Ci (R33) 


: o 
oO 


° -— eee ewe om ee eww eC 





ra 


FLOWCHART (MR) (CONT) 


Rel & dfsplay 
Di, RY» Cus ou 


c, AR, Cl 


<> YES 


execute | 
| *PHV* 


execute 
wer hate 


STOP 


_ 
= 


20 
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4. EXAMPLE PROBLEM AND USER INSTRUCTIONS 
A helicopter is to be designed with the following 
specifications: 
VF (Max) = 160 kts 
(Spec Wt) = 18000 lbs 
Maximum Rotor Diameter = 58 ft 
AR must be between 15 and 25 and DL must be less than 7.5. 
sonmenee Dl, RV, CT, SD, c, AR, and CL. 


Input the MR (Main Rotor) program and clear all flags. 


KEYSTROKES DISPLAY 
XEQ (alpha) SIZE (alpha) Sales 
068 XEQ (alpha) MR (alpha) Spec Wt=? 
18000 (r/s) R=? 
29 (r/s) Meher t=? 
G=65 (1r/s) Viteevin=725.635 
(r/s) VF MxX=? 
160 (r/s) DL=5.45 
(x/s) RV=25.02 
(27 3} cT=.004 
(r/s) SD=.047 
e575!) Ca vies 
(7S) AR=2ee3 
(r/s) CL=.559 
(r/s) R ok? 
O (r/s) 


aa 








If these values are not within specifications, push (r/s) 
and input a new value of R. Since flag 00 is now set, the 
program automatically goes to R=? Because AR 1S rather nigh, 
input a new value of 27 feet for R. Proceeding as before, the 


following data is displayed. 


KEYSTROKES DISPLAY 
7S} DL=6 .28 
res} RV=26.87 
(r/s) CT=.005 
2/ Ss) SD=.054 
27S) eee 
e7S) AR=23.6 
e27 S ) eis o9 
(xr/s) R ok? 

enter / S ) 


By decreasing the rotor radius, the aspect ratio was 
decreased while disk loading was increased. Both values are 
now within the specifications. Because 1 was inputted for 
the prompt (R ok?), the program automatically advances to the 


PHveorogram. 
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POWER TO HOVER (PHV) 


ieee URPOSE 

This program computes the power required to hover in and 
Siteor Ground effect at SSL. This program is to be run 
following satisfactory completion of the MR program. A sub- 
routine entitled "FM" is used to calculate the Figure of 
fomtmror Ene Qircrait. if the Figure of Merit does not 
fall within prescribed limits, the subroutine chord (CHD), or 
rotational velocity (RV), will automatically be executed. 

The following are required inputs for PHV. 

A) Number of main rotor blades. 

EpmcOcEricilent Of drag of the main rotor, (Cdo) . 


C) Height of the main rotor above the ground, (H). 


2. SQUATIONS 

B(MR)=1-[(2 * CT(MR))**.5/b (MR) ] 

Pome) ~ [(GW)**1.5/(2 * RHO * A)**.5] 

Po (MR) =( (SD) * (Cdo) * (RHO) * (A) * (VT) **3) 7/4400 

Pt=(OGE)=Pi+ Po 

ey eueGe) =—0.1276%*(H/(2*R) **4)+.7080* (H7 (2*R) **3) 
-1.4569*(H/ (2*R) **2)+1.3432* (H/2*R) )+.5147 

Pt(IGE)=Po(MR) + P/P(OGE) + P1i(MR) 

where: 

Emeesmehe tip loss factor. 

Petcethie area Of the main rotor disk. 


Pi is the induced power (with tip loss). 


24 
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Cao wis the coerficient of drag for the main rotor (at zero 
Herat). 


Po is the profile power. 
Pt(OGE) 1S the total power to hover out of ground effect. 


Pt(IGE) is the total power to hover in ground effect. 
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3.  FLOWCHART 





INPUT Cdo 
MR (RO7) 
COMPUTE 

Po (R21) 


COMPUTE 
Pt(OGE ) 
(R30) 


INPUT H 


COMPUTE 
P{ (IGE) 
(R38) 


C 
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FLOWCHART (CONT) 


COMPUTE 
PtCIGE) 
(R34) 


EXECUTE 
wrur 


YES fer NO 
STOP YES <u i 


| EXECUTE EXECUTE 
Seno. "Rv" 


GTO LBL AA "MR" 
DISPLAY DL...etc. 
EXECUTE 
*PHV" 


ZL 








4. EXAMPLE PROBLEM AND USER INSTRUCTIONS: 
Following a satisfactory run of "MR," determine the 
power to hover out of and in ground effect and the Figure of 


Merit for the helicopter. 


Specifications: 
Number of main rotor blades = 4 
Sectricient Of Drag (Cdo) of the main rotor = .01 


Height of the main rotor above the ground = 14.4 ft 


KEYSTROKES DESPEAY 

(XEQ) (alpha) PHV (alpha) NO. MR BLDS=? 

: a7S)) Cdo MR=? 

ORO 1 (r/s) Pth OGE=1232 
Gy Ss) H=? 

14.4 ie Ss) Pth IGE=1019 
aS) FIG MER=0.74 
(r/s) FM ok? 

1 (eas) WE=1080 
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WEIGHT (WT) 


1. PURPOSE 

This program uses an iterative procedure to compute a 
more accurate estimate of the empty weight and total gross 
weight of the helicopter. 

The program makes a "Ist cut" estimate of the empty 
weight (WE) by multiplying the specification weight by .6. 
This WE is then used to compute the weight of the blades, hub, 
fuselage, controls, electrical and fixed equipment. The 
weight of the propulsion system is estimated by recalling R30 
(Pth(OGE)) and multiplying by 1.2. These values are then 
added together and represent the second empty weight estimate 
(WE2). To estimate the total gross weight, fuel, useful load, 
and landing gear weight are added to the empty weight figure. 
Three types of landing gear are considered; skid, fixed 
wheel, and retractable wheel. A common practice among air- 
craft designers is to add two pounds to the gross weight of 
the aircraft for every additional pound added as a result of 
heavier equipment being installed. This is due to the fact 
that one additional pound requires more power which results 
in more fuel usage. In this case, the skid is lighter than 
the fixed wheel gear which, in turn, is lighter than the 
metractable gear. 

This gross weight estimate is calculated as follows: 
aieomoktamgeal weight 1s calculated and is used as a reference 


Poumerennic weight is subtracted from the fixed wheel gear 
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weight. An identical procedure occurs for the retractable 
gear. In this manner, every extra pound due to the addition 
of a heavier landing gear results in two extra pounds being 
added to the gross weight of the aircraft. 

The formulas for computing the landing gear weight use 
the specification qesisiae (absolute maximum weight allowed). 
Tf the user desires to incorporate a "buffer" to insure a 
satisfactory performance of the landing gear during a hard 
landing, this weight should be increased by a suitable 


percentage. 


2. EQUATIONS 
Wb=(.06) * (WE) *(R*¥**.4) *(SD) **.33 
Wh=(.0135) *(WE) *(R**.42) 

Wp= (0.21) *Pth (OGE) 
Wf=(0.21) * (WE) 

We= (0.06) * (WE) 

We= (0.06) * (WE) 

Wq= (0.28) * (WE) 


Weight of the skid gear=(.0245* (Spec Wt) **.8606) 
* (FL) **.8046 


Weight of fixed and retractable landing gear=40.0* 
(WMTO) **.6662 * (NW) **.536 
*(TREG) **. Lis 

where: 

ewismtne total weight of the blades. 

Wh is the weight of the hub. 


Wp is the weight of the propulsion system. 


Sal 





WE is the weight of the fuselage. 

Weees tne: weight of the flight controls. 

We is the weight of the aircraft's electrical equipment. 
Wq is the weight of the installed fixed equipment. 

WE2 is the empty weight (the sum of the above). 

Rice ene Main rotor radius. 

Seetsecie Main rotor soladity. 


Pth(OQGE) is the power to hover out of ground effect 
(recalled from R30). 


FL 1s a coefficient. If the main rotor has two blades, 
the program uses a value of 2. If more than 
2, FL=4. 

WMTO is the specification weight divided by one thousand. 

NW is the number of landing gears. 


IRLG is the retractable gear flag (l=fixed,2=retractable). 


Mr. Ronald Shinn developed the equation for skid gear 
weight. Most designers use 2% of GW to determine skid 
weight. In an effort to achieve a more accurate equation, 
he used a multiple regression routine to arrive at his 
equation. This formula has an 11% error when compared 
against the skid weight of eight operational helicopters. 
The equation used to determine the fixed and retractable 
landing gear weights had an 8.5% error when compared with 


ZIeOperational alrcraft. 
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3. FLOWCHART 


START 
ore 
of EMPTY 
WT 
' YES $2 03 
NO 
YES <Fer o> | 
NO 
DISPLAY 
WE (R35) 


COMPUTE 
Wo (R36) 
COMPUTE 
Wh (ST+36) 
COMPUTE 
Wp ST+36 


COMPUTE 
Wf ST+36 





RCL (¢ 
NEW W 





FLOWCHART (CONT) 


COMPUTE 
Wo S$1T+36 


COMPUTE 
We ST+36 


COMPUTE 
Wq ST+36 


CL 36 


R 
(WE) STO 
35 ! 


RCL 35 
YES 


STO 
CONTENTS 
R35 {n R36 NO 


INPUT 
FUEL WT 
ST+36 
INPUT 
USEFUL LD 
WT S1+36 
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FLOWCHART (CONT) 


PROMPT 
PSKIbe" 


YES 


vee 


© 


N 
PROMPT 


2 
s 
ao 
e) 
Zo 
—~y 


COMPUTE 
WI of FIX 
GEAR 


PROMPT 
"FX GR?” 


YES NO 


ii 


COMPUTE 
RETR LG | 
WT (ROO) 


PROMPT 
2 


TES NO 


COMPUTE COMPUTE 
SKID WT 
(R65) FL=4 


SAID WT 
(R65) FL=2 


3 0 
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FLOWCHART (CONT) 


OMPUTE LANDING GEAR ADDITION 
TO GW USING SKID WT AS REF 
ADD TO R36 


DISPLAY 
TOTAL GW 
SE3G2 
pe 


YES 
STOP 





4. EXAMPLE PROBLEM AND USER INSTRUCTIONS 

The user will note that at one conclusion of the PHV 
example problem, the program transferred automatically to 
the WT program (WE=10800.00 was displayed). If this value is 
in the calculator display window, disregard the initial key 


stroke instruction. 


Revol ROKES DISPLAY 

XEQ (alpha) WT (alpha) WE=10,800 
(r/s) Wb=924.0 
(r/s) wh=582.01 
(r/s) Wp=1477.99 
(r/s) WEL=2268.00 
(r/s) Wc=648.00 
7S) We=648 .00 
Greys) Wq=3024.00 
(r/s) WE 2=9572.01 
(r/s) W FL? 

ACO (r/s) USE, LD? 

B750° (7/s) SKID? 

1 (r/s) MR>2 BLDS? 

1 (r/s) T GW=17665.30 


At this point, push the (r/s) button. The computer will 
prompt, "WT OK?" If the weight is far enough below the 
specification weight to allow room for the added weight of 


Eee acaxed and retractable landing gear, input 1 (Yes). Input 


Si 





oO (Ne), 


otherwise. 


If this second option is taken, the 


computer displays the most recently computed value of empty 


weight and uses this as a base for iteration. For this 


example problem, perform an additional iteration. 


KeyStROKES 


4000 


oo D0 


(xr/s) 
(r/s) 
(es) 
eas) 
(r/s) 
(27s) 
(r/s) 
(a7 Si!) 
eis) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(xr/s) 
Gas) 
(r/s) 
77s) 


DISPLAY 

WT OK? 
WE=9572.01 
Wb=818.94 
Wh=515.83 
Wp=1477.99 
Wf=2010.12 
Wce=574.32 
We=574.32 
Wq=2680.16 
WE 2 =8651.69 
W FL? 

USE LD=? 
SKID? 

MBE Sie 2 

T GW=16744.99 


WE OK? 


The program transfers back to the MR program. This newly 


computed value of gross weight is now used to obtain the MR 


SUEeuc. 


within prescribed 


The user 


specifications. 


must again check to insure all values are 
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TOTAL POWER (PTOT) 


dg PURPOSE 

Three PTOT programs were written. The first program was 
designed specifically for use with the HP82143A printer. 
The printer outputs the velocity and corresponding engine 
shaft horsepower required. The second PTOT program was 
designed for the user who does not have access to the HP 
printer. This program displays the engine shaft horsepower 
required at an inputted velocity. The third program displays, 
for an inputted velocity, all of the individual powers 
required, for both main and tail rotors, the total power 
required and the engine shaft horsepower required. This pro- 
gram can be used with or without the printer. Because of tne 
detail involved with this program, execution 1s much slower 


than with the other two programs. 


ne EQUATIONS 

meus wa)=(0'.5) *rho*V (fwd) **3*EFPA(f£f) 

Vi(mr hover)=(GW/(2*rho*A) ) **.5 

Pi(mr fwd) =GW(-(V (fwd) **2/Vi (hover) **2) /2 
eva) **2/ (24 va (hover) **2) 41 


Pay yen * Vai (noOver} 


Po(mr hover)=(SIGMA(mr) * Cdo(mr) * rho * A(mr) 
Aeon elo) ~~3)/4400 


MU(mr)=V(fwd) / V(mr tip) 
Po(mr fwd)=(1+4.3*MU**2) * Po(mr hover) 
Pt(mr fwd)=Po(mr 2wd) + Pp(mr fwd) + Pi(mr fwd) 


/ 


Mace cro(mr)—= (Vifwd) + V(mr t2p)) 
* a) Kx 5S 


(gemma *oq  * oR 
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_% 
a 


R(tr)=(GW / 1000)**.5 * 1.3 

L(tail)=R(tr) + R(mr) + .5 

Shemattr)=R(tr) / AR(tr) 

Meer) —Ptimr hever oge) / (RV(mr) * L(tr) 
A(ter)=R(tr) **2 * PT 

V(tr tip)=RV(mr) * 4.5 * R(tr) 

ieee) —tiGtr) 7 Fi(tr) * rho * V(tr tip) **2) 
Praca i—( «2 * CT(tr))**.5 / b(tr)) 


Pegeeere! hover)= (1 / B(tr)) * (T(tr) **1.5 / 
(2 rhom* A Cer) ) 4425) 


Spare tr)=(pb(tr) * C({tr)) / (Ri{tr) * PI) 


Penter hover)=(SEGMA(tr) * Cdo(tr) * rho * A(tr) * 
Weer ep) = =o 7 aou 


Prem Nover)=Po(tr) + Pi(tr tl) 

MU(tr)=V (fwd) / V(tr tl) 

PiGereevajmePO(tr hover) * (1 + 4.3 * MU(tr) **2) 
iveeaesewa)=Pt(mr fwd) / (RV(mr) * L(tr)) 

meen as=t(tr fwd) / (A(tr) * rho * V(tr tip) **2) 
meee rwoe)—l—-((2 * CT(tr))**.5 / b(tr)) 

femcer mover) —(T(tr) / (2 * rho * A(tr))**.5 


Wameemetwoay=—= (—(v(iwd) **2 / 2) + (V(fwd) **2 / 2) **2 
*(Pi(fiwd) / P(hover) **2 * Vi(tr hover) **4) **.5 


Emermeeeawa)= (1 / Bi(tr)) * Titr) * Viltr fwd) 
Emer awa)=Pi(tr fwd tl) + Po(tr fwd) 


Maen Tio{tr)= (V(fwd) + V(tr tip)) / 
(gatnmar -** Gg =. Romy 25 


where: 


Pp is the parasite power. 


42 





EFPA (ff) is the effective flat plate area (forward flight). 
Vi(hover) is the induced velocity in hover. 
Pi(hover) is the induced power required to hover. 
Po(hover) is the profile power required to hover. 
SIGMA is the solidity. 

Cdo is the coefficient of drag. 

RHO is the density. 

A(mr) is the area of the main rotor. 

V(mr tip) is the tip velocity of the main rotor. 
PRaewsS the radius of the tail rotor. 


L(tr) is the length of the helicopter tail from the 
Mamie LOocor Shaft. tomene tail rotor. 


imeem 1s the thrust of the tail rotor. 
CT(tr) is the coefficient of thrust of the tail rotor. 


Beeerjye is the tip loss (tl) factor (tail rotor). 
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3. FLOWCHART 
A, PTOT (PRINTER) 


SET PRINTER 


ENABLE FLAG 
(21) 
SF 03 
NO 


INPUT 
CONTROL 
NO. STO 09 


EXECUTE 
RHO 


INPUT AR 
TR STO O1 


INPUT # 
TR BLDS 
STO 59 


INPUT Cdo 
TR STO 02 


YES 





PTOT (PRINTER) (CONT) 


SET PRINTER 
DOUBLE WIDE FLAG (12) 


PRINT | 
“TOTAL 
POWER® 


CF 12 
RCL R36 
| PRINT GW 
PROMPT 
MEFDA 
KNOWN?" 





NO YESu 
EXECUTE PROMPT 
*EFDA® EPP Ant 
STO 64 STO 64 


PRINT VEL 
(KNOTS), 
ESHP 





PTOT (PRINTER) (CONT) 





RCL ROO (CNT NO) 
BEGIN DO LOOP 
COMPUTE 

Pp STO 28 


EXECUTE VI 







COMPUTE 
Pt (MR FWD) 





Bee Cue 






EXECUTE 





COMPUTE &(TR),L( TR). CHORD(TR),T(TR),ACTR) .VTIP(TR) 
CT(TR),.8(TR). FOR HOVER 
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PTOT (PRINTER) (CONT) 










COMPUTE 
PT (TRH) 
STO 48 









COMPUTE 
Po(TRH) 
STO 49. 










COMPUTE 
Po( TRF) 
STO 52 


OMPUTE T(TR) CT(TR) 8C(TR 
FOR FORWARD FLIGHT 


COMPUTE 
P{ (TRF) 
STO 56 











R56+(R22+R 
52)=PTOT 







XEQ "PCOMP” AND 


ADO TO PTOT. 
STO R63 
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PTOT (PRINTER) (CONT) 


oY 


XEQ “ESHP® STO 63 
PRINT THE ESHP REQUIRED 










AT THE SPECIFIED VELOCITY 


He D0 LOSE 
NO CNT NO. >? 


YES 


EXECUTED 
Socer™ 


° 





B. PTOT (ABBREVIATED) 





INPUT FWD 
VEL STO 25 
EXECUTE 
RHO 

0 

AR TR STO 

01 

# TR BLDS 
STO 89 
Cdo TR 

STO 02 | 

SF 02 
PROMPT 
"EFPA 
KNOWN?* 


MES 





PTOT (ABBREVIATED) (CONT) 







Pi20} iPT 
TEFPAR® 
STO 64 


COMPUTE R(TR) LGR), CHORD(TR), 
— TCTR),ACTR),VTIPC(TR) ,CT(TR), 
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PTOT (ABBREVIATED) (CONT) 






COMPUTE 
PI(TR H) 
STO48 


COMPUTE 
Po(TR H) 
STO49 


COMPUTE 
Po(TR F) 
STORS 
OMPUTE T(TR) CT(TR)] 
B(TR) (FORWARD) 

COMPUTE 
PT(TR F) 
STOS6 


(R22+R52 )+ 
R56=PTOT 


XEQ “PCOMP*” AND ADD TO 
PTOT STO R63 


XEQ *“ESHP® 
DISPLAY ESHP 





Spl 





 C, PTOT (FULL DISPLAY) 





ADVANCE PRINTER 
2 LINES 
IF ATTACHED 


PROWPT 
"FWD 
VEL2?2" 


Yes 
PRINT FWD 
VEL VALUE. 


XEQ RHO 


YES 


Line 


NO 
AR TR STO 


# BLDS 


WN 

oo 
© 

( >) 7 Pe 
(Oo 


PTOT (FULL DISPLAY) (CONT) 





| PROMFT 


NO eer YES 
XEQ 
wErpAt 
STO64. 









PROMPT 
MEF A=" 
STO64. 


COMPUTE 
Pp ST028 


COMPUTE 
VI $1020 


COMPUTE 
P{(MR F) 


DISPLAY 
Pp MR 


DISPLAY 
Po(MR F) 





PTOT (FULL DISPLAY) (CONT) 


Po+Pf+Pp= | 
. Pt(MR F) 
U 2: 


OMPUTE & DISPLAY 
MCH MR 


OMPUTE R(TR) L(TR) CHORD(TR) 
T(TR) A(TR) VTIP(TR) CT(TR) 


~~ =~ 
a Sad 


COMPUTE 
P{(TR H) 
$T048 


COMPUTE 
Po(TR H) 
STO4g 


SUM R48 
AND 49 
STO 50 


COMPUTE 
Po(TR F) 
STQ52 


COMPUTE T(TR) CT(TR) B(TR) 


COMPUTE 
PI(TR F) 
ST056 


COMPUTE 
MCH(TR) 
$T060 





PTOT (FULL DISPLAY) (CONT) 


RCL R56 (PI(TR F)) DISPLAY 













SUM R 
5 e 


& R52 





56 $T057 





XEQ . 
“PCOMP” 
ST+63 
XEQ *"ESHP™ 


PUSH R/S FOR MORE 


td hel fA bee | wiz 


STOP 


ee, 





4. EXAMPLE PROBLEM AND USER INSTRUCTIONS (PTOT--PRINTER) 

Calculate the total engine shaft horsepower required 
for the example helicopter from 0 to 160 knots at standard 
sea level (0 PA, 15 DEG CEN). Increment the velocity every 
ZO) knots. 

Note: When prompted to input the control number, the 
user should recall that this number is of the form CCC.XXXFF. 
The CCC describes the starting value. oe LS seme final 
value, and FF is the incremental spacing. If the starting 
value is zero, the CCC need not be entered. For this 


example, input .16020. 


KEYSTROKES DISPLAY 

XEQ (ALPHA) PTOT (ALPHA) INPUT CNT NO. 

0.16020 (R/S) PA=? 

0 (R/S) TEMP C=? 

a5 (R/S) AR TR=? 

8 (R/S) NO. TR BLS? 

4 (R/S) CUGeTR=7 

0.0145 (R/S) EFPA KNOWN? 

0 (R/S) CLEAN LINES? 

iu (R/S) SKID? 

i (R/S) EFPA=20.95 
(R/S) NO. ENGS=? 

2 (R/S) 
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Note: This program can, at this point, only be executed using 
skid data because the gross weight computation used in the 


"WT" vrogram was computed on the basis of skid landing gear. 


berini tions: 
PA is the pressure altitude. 
TEMP C is the temperature in centigrade. 


AR TR is the aspect ratio of the tail rotor (historically 
between 4.5 and 8.0). 


NO. ENGS is the number of engines. 


oh 





a  eRONTER OUTPUT 


TOTAL (Pulerk 
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6. EXAMPLE PROBLEM AND USER INSTRUCTIONS 


Note: 


Gtearerior 


and insert PTOT 


Clear flags 02 and 05 manuallv. 


KEYSTROKES 
PSHIFT) Gr 02 
(Sm0F T ) GE05 


XEQ (ALPHA) CLP 
(ALPHA) PTOT 


Pein ENPULTING PTOT 


ie ROKES 


mao (ALPHA) PTOT 


0 


0 


E> 


O27 0145 


AOS 


20 


40 


(R/S) 
(R/S) 
(R/S) 
(R/S) 
(R/S) 
(R/S) 
R/S) 
(R/S) 
ORYAS9) 
(R/S) 
UR?) 
(R/S) 
(R/S) 


WEA ) 


(ALPHA) 


(ABBREVIATED) : 


(PTOT--ABBREVIATED) 


(ABBREVIATION) . 


DISPLAY 


DISPLAY 

FWD VEL=? 
PA=? 

GBEMP C=? 

AR TR=? 

NO@=e LR Bis2 
CBOFTR= 2 
EFPA KNOWN? 
EF PA=? 

NO. ENGS=? 
ESHP=1861.14 
FWD VEL? 
ESHP=1608.01 
EWP es Vil 
ESHP=1204.25 


Wy any 





60 (R/S) EEO Gesso 


(R/S) FWD VEL? 

80 (R/S) ie ee 
(R/S) FWD VEL? 

100 (R/S) ESHP=1356. 32 
(R/S) FWD VEL? 

120 (R/S) 1646.68 
(R/S) FWD VEL? 

140 (R/S) ESHP=2049.57 
(R/S) FWD VEL? 

160 (R/S) ESE =-2 575093 


Note: When prompted "EFPA KNOWN?" a 1 was inputted (Yes) 
Since the EFPA was known from the PTOT (PRINTER) program. 


This results in a more rapid program execution. 


7. EXAMPLE PROBLEM AND USER INSTRUCTIONS (PTOT-FULL DISPLAY) 


Note: Clear PTOT (ABBREVIATION) and input PTOT (FULL 


BioreLAY) . Also clear flags 02, 03, and 05. 

rene. ROKES DESeEAY 

XEQ (ALPHA) PTOT (ALPHA) FWD VEL=? 

0 (R/S) PA=? 

0 (R/S) TEMP C=? 

eS Ry Ss) AR TR=? 

8 (R/S) VO} G Sihlse VeybyOls) 4 
4 (R/S) CDO TR=? 
0.0145 (R/S) EFPA KNOWN? 
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1 CR7 oS) EFPA=? 


20.95 (R/S) 


For the inputted forward velocity of 0 knots, the following 


power values are displayed: 


Pi(fwd)=1227.14 
Pp=0.0 

Po (fwd) =296.54 

Pt (fwd) =1523.69 
MCH (mr) =.65 

MCH (tr)=0.58 
Pi(tr fwd)=85.04 
Peter fwd)=29.51 
Pt(tr fwd)=114.55 


PTOT=1638.24 


The user is then prompted for the number of engines (this 
Smiayeoceurs during the first iteration). After inputting 2 
engines, the engine shaft horsepower required at Zero air- 
speed is displayed: 1861.14. After pushing the (r/s) key, 
the user will be prompted for the forward velocity, pressure 
altitude, and temperature. In this way, power requirements 
at any airspeed and altitude may be computed anytime during 
the program operation. The user may transcribe a table of 


values from the displayed output. 


61 





een R OULPUL (PTOT=--FULL DISPLAY) 


With the HP 82143A printer attached, the following data 


is outputted during the running of the program 


tions are shown). 


Pf FD=294, 54 
PT FRS{527.89 
MOH MBH, 65 
MOH TR=G,58 
BT TRE=95, a4 
Pl TRE=29, 51 
PT TRE={14,55 
PTOT=1629, 24 
ESHP={861.i4 


7 
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PeGMP LOWER REQUIRED DUEL TO COMPRESSIBILITY EFFECTS) 


1. PURPOSE 
This subroutine is used in the main program, PTOT. It 
computes the additional horsepower necessary due to the 


compressibility effects from the main rotor. 


2. EQUATIONS 


Piherp mre)= (V(tip mr) + Vitwd mr)) / 
(gamma. * 1g -* "Reece * *..5 


MD= M(tip mr) - M(crit) - 0.06 


Ceo) — rao ~ A(mr) * V(trp mry=*3 * sigma(mr) * 
CeO 12: * SMe 0.01) espe ~ 3 ) 


where: 
h@rva) 1s the forward velocity in Knots. 
(emo) 1S the main rotor tip velocity. 
M(crit) is the critical mach number (a good approximation 

IS tort) 
DISCUSSION: The horsepower required due to compressibility 
effects does not become a positive value until a certain 
forward velocity is attained. By providing a check for nega- 
tive MD, only positive values of PCOMP are stored in Register 
63 (R63). When run independent of the main program, MD is 
displayed if the value is negative. PCOMP is displayed and 
stored in R63 otherwise. When run in conjunction with PTOT, 
MD and PCOMP are not displayed. PCOMP is computed and added 


to the total power computed in PTOT. 


v2 





3. FLOWCHART (PCOMP) 


START 


COMPUTE 
MCH #MR- 
$1037 


COMPUTE Md 
YES <ac™ 
NO 
STO Ma IN 
R46 
COMPUTE 
PCOMP 


DISPLAY 







DISPLAY Md 





4, EXAMPLE PROBLEM AND USER INSTRUCTIONS: 

A) Compute the horsepower required due to compressibility 
effects at 20 knots forward velocity, 0 PA, and 15 deg C. 

ReGUSte: 2ZoecOntalns the value, in Et per sec, of 

forward velocity. Register ll contains the density altitude 
(rho). To execute PCOMP independent of the main program, the 
desired forward velocity must be converted to units of ft/sec 
and stored into Register 25. The subroutine "rho" must be 
executed to insure the correct value of density is stored in 


Register ll. 


RE -ROKES PYSrPoAyY 
20 enter 20.00-= 
Ors 248 / Beis 6 

Sto. 20 Suse 7s 

XEQ (alpha) RHO (alpha) PA=? 

0 (xr/s) TEMP C=? 
ols (r/s) 25 3) 0S 
XEQ (alpha) PCOMP (alpha) -0.03 


DeSeUSSTON: =| At 20 Knots, ehe compressibility factor is 
negative, therefore there 1s no extra horsepower needed due 


to compressibility effects. The value of MD is displayed. 


B) Compute the horsepower required due to compressibility 


effects at 160 knots forward airspeed, 4000 £t pa, 35 deg C. 
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KEYSTROKES DISPLAY 


160 enter 160 
0.59248 / 270205 

erO 25 270.05 

XEQ (alpha) RHO (alpha) PA=? 

4000 (r/s) TEMP C=? 
BS (r/s) le -03 
XEQ (alpha) PCOMP (alpha) 418.48 


DisecUsoLON: At a formward velocity of 160 knots at 4000 
ft PA and 35 deg C, an additional power requirement of 418.48 
horsepower results due to compressibility effects from the 
main rotor. This value is stored in Register 63 and will be 


added to other power requirements in the main program. 
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ESHP (EQUIVALENT SHAFT HORSEPOWER) 


ieee URPOSE 

This subroutine is used in the main program PTOT. It 
computes the engine shaft horsepower required. The ESHP is 
equivalent to the rotor shaft horsepower (PTOT + PCOMP) 
adjusted for transmission and accessory losses. In addition, 
a 10 percent shaft horsepower loss is computed for every 


additional engine installed. 


Ze SOUAT IONS 

Perel ~ 2SHP ~*~ (N-lj)o+ 1.03 * RSHP @ 10.0 HP 
where : 

N is the number of engines installed. 


10.0 hp is the approximate horsepower required due to 
accessory usage. 


RSHP is the rotor shaft horsepower (PTOT + PCOMP). 





3. FLOWCHART (ESHP) 


NO 


ou 


eroMP?T “NO, CNGS=7" 


STO R 67 


YES 


RCL R63 (PTOT+PCOMP) 
COMPUTE & DISPLAY ESHP 





4. EXAMPLE PROBLEM AND USER INSTRUCTIONS 
Compute the engine shaft horsepower required for a heli- 


copter with two engines having a RSHP of 1500 hp. 


KEYSTROKES DISPLAY 
POO STO 63 1500 

E05 1500 

XEQ (alpha) ESHP (alpha) NO. ENGS=? 
: (x/s) ) 1705.00 


DISCUSSION: A helicopter with a RSHP of 1500 hp will 
require 205 additional horsepower due to transmission and 
accessory losses, as well as a 10 percent SHP loss due to 
an additional engine. To execute this subroutine independently 
of the main program, a value for RSHP must be known and 
stored in R63. Flag 05 must be cleared for the prompt "NO. 


ENGS=?" to be viewed. 


5. PROGRAM LISTING 


AieL fi OSHE f2 BEL 42 
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a2 G70 ai is | 
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FM (FIGURE OF MERIT) 


1. PURPOSE 

This subroutine is used in the main program PHV (Power 
to Hover). It computes the Figure of Merit which is the 
ratio of induced power (Pi), to the total power (Pt), of 
the main rotor. A computer value of between 0.7 and 0.8 is 


acceptable. 


2. EQUATIONS 


FM= (100 - ((Pt(mr ige) - Pi(mr oge)) / Pi(mr oge)) 
een) eae ae 


where: 


Pt(mr ige) is the total power required to hover in ground 
effect for the main rotor (stored in R30). 


Pi(mr oge) is the induced power required out of ground 
effect for the main rotor (stored in R16). 
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3. FLOWCHART (FM) 


NO 


XEQ *RY® 


XEO-° CRO 


COMPUTE FM 


NO 


me NO 


<fir o> YES 


PROMPT “CLR HR,PHV, 
FM,CHO,.RYV 
INPUT 
PTOT ,PCOMP ,ESHP® 
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eee oe PROBLEM AND USER INSTRUCTIONS: 
A) Compute the Figure of Merit cf a helicopter which 


has Pi(mr oge) of 1000 hp and a Pt(mr ige) of 1500 hp. 


Peay oD ROKES Disb eae 

myeGoO STO 16 | 1000 

00) STO 30 ert) 

XEQ (alpha) FM (alpha) FIG MER=0.50 

ey S ) FM OK? 

0 Ges) for HIGH? 

0 (ry Ss) (program transfers to subroutine "RV") 


B) Compute the Figure of Merit for a helicopter with a 


Pi(mr oge) of 1250 hp and a Pt(mr ige) of 1400 hp. 


hes LRORKES DISPLAY 
ioe STO 16 250 
He00s STO 30 1400 
XEQ (alpha) FM (alpha) FIG MER=0.88 
(ey Sy, FM CK? 
0 (r/s) FM HIGH? 
i (aes) (program transfers to subroutine (CHD") 


C) Compute the Figure of Merit for a helicopter with 


a Pi(mr oge) of 1200 hp and a Pt(mr ige) of 1500 hp. 


KEYSTROKES DESELEAY 
E200 oro 16 1200 
ECO oro — 30 1500 
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XEQ (alpha) FM (alpha) FIG MER=0.75 


(r/s) FM OK? 
ie (r/s) (If flag 04 is set, the user is prompted 
Clam inher M. CHD, RV, input PTOL, 
PCOMP, ESHP." If flag 04 1s not set, 


the program transfers to the "wt" 
Program and the first empty weight 
approximation is displayed.) 

DISCUSSION: To run this subroutine independently of the 
main program "PHV," the values for Pi(mr oge) and Pt(mr ige) 
must be inputted manually into their appropriate registers. 

In the first example, the Figure of Merit was computed to be 
0.50, well below the minimum acceptable value of 0.70. The 
subroutine "RV" was therefore executed (this subroutine 
enables the user to increase the FM value). In the second 
example, the Figure of Merit was higher than the acceptable 
value of 0.80 and the subroutine "CHD" was executed (this 
subroutine enables the user to decrease the FM value). In the 
third example, the Figure of Merit was within the specified 
limits. When executing "FM" as part of the main prcgram, if 
the "WT" program has not been executed (flag 04 has not been 
set), then the program automatically transfers to "WT" and 
displays the first approximation for the aircraft empty weight 
(.6 * spec. wt). If, however, flag 04 is set, the user is 
instructed to clear from program memory the programs that are 


no’ fonger needed and to input three additional programs. 
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elie (CHORD) 


i LE URPOSE 

This subroutine is called up in the "FM" program. It 
is designed to reduce the value computed for the Figure of 
Merit. When executed, the former chord value is displayed 
momentarily. The user must input a larger value of chord 
length. This larger chord will increase the solidity, 
decrease the blade loading and decrease the aspect ratio. 
Once these values have been computed and stored in their 
appropriate registers, the program transfers to the "MR" 
program and immediately displays the values for DL, RV, CT, 
SD, c, AR, and CL. Program execution continues as before. 
A new Figure of Merit will be displayed. Proceed as before, 


depending on this value. 


2. EQUATIONS 
Se = 5b) / (PI * R) 
BL=CT / SD 


AR=R /c 


where: 

Semrsetne solidity. 

Sues tie Chord. 

b is the number of main rotor blades. 
Reromtne cfracius Of the main rotcr. 

Poet omeomecOoectticient Of Ehrust (main rotor). 


AR is the aspect ratio. 
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3. FLOWCHART (None) 


ee eeei> bE PROBLEMS AND USER INSTRUCTIONS: 
iaesesueroutine Can only be used in conjunction with 


several main programs. See "PHV" for example problems 


involving this subroutine. 


5. PROGRAM LISTING 
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RV (ROTATIONAL VELOCITY) 


imo SURPOSE 

MiiamsuobeurIne 15 Called up in the "FM" program. It 
is designed to increase the computed Figure of Merit values. 
When executed, the former tip velocity is displayed momentar- 
lly. The user is then instructed to input a new value for 
V(tip). This value must be lower than the former value. The 
program then calculates new values for RV, BL, CT, SD, c, AR, 
and CL using the new V(tip). The program automatically 
transfers to "MR" and displays DL and the above values. 
Program execution continues as before. A new Figure of Merit 
will be displayed. Proceed as before, depending on the value. 
The user should be aware that a dramatic reduction in V(tip) 


1s required to increase the Figure of Merit. 


2. EQUATIONS 
RV= V(tip) / R 


Pi=w=O21666/ * ((V¥)max Ewd) / 0.59248) / V(tip)) 
eel oD LS 


ee=meve, (A * rho * V(tip) **2) 
SD= CT / BL 
S-mesope* PE-* Rimr)) / b(mr) 


AR= R(mr) / c(mr) 
mito. O) ~*~ Cl) / SD 


where : 
GW is the gross weight. 


Pamaeets se cracius OL the main rotor. 
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Vlcewoy 1S ene Maxmamim tip velocity of the main rotor. 


Me) 


fas ti 


¢)) 


e rotational velocity of the main rotor. 
@ew is the coefficient of thrust of the main rotor. 
BAG 1S the density. 

Seis the solidity. 

BL is the blade loading. 

BD 1S che ntmber of main rotor blades. 

e 15 *ehe. chord. 

AR is the aspect ratio. 


em nse tne coetmeicnent of LIirt. 


3. FLOWCHART (None} 


YS 


- EXAMPL 


4 


PROSLEM AND USER INS@PRUCTIONS: 
This subroutine can only be used in conjunction with 
Several Main Drocrams. See "PHV". for example problems 


mimeo lvaag Enis subroutine. 
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EFPA (EFFECTIVE FLAT PLATE AREA) 


me PURPOSE 

This program determines the effective flat plate area of 
a design helicopter as a function of the following parameters: 
gross weight, clean. or dirty lines, skid, fixed wheel, or 
retractable type landing gear. The formula used in the 


determination of the EFPA is: 


EFPA = (A) * (GW) **.66667 where the coefficient (A) is 
determined as shown below. 


SKID FIxee RETRACTABLE 
CLEAN CONFIGURATION AOS) 2 s0od 0 Ze, 
DIRTY CONFIGURATION - 050 Pr ils\.c .046 


These figures were computed through an iterative procedure 
of comparing the known EFPA values of production aircraft 
and their gross weights to values computed with the above 
formula. A degree of accuracy to within 10% can be achieved 
using these coefficients. It is left to the user to determine 
if his design is clean or dirty (i.e., is the design stream- 
lined or does it contain numerous wing stores, flat plate 


canopy, etc.). 


2. EQUATIONS (See above) 
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3. FLOWCHART (EFPA) 


START 
<tean YES 
NO 


NES 


SKID? 


NO 
[A = 948 





RCL R36 (GROSS WEIGHT), MULTIPLT 
BY A, AND RAISE BY .6667 


DISPLAY 
EFPA ST064 
STOP 


(R/S) 


PROG RTNS 
TO PTOT, 
LBLDD 





4. EXAMPLE PROBLEMS AND USER INSTRUCTIONS : 
A) Determine the effective flat plate area of a heli- 


copter with the following specifications: 


eemerguration: Dirty 
Gross Weight: 14500 lbs 


Landing Gear: Fixed wheel 


Note: To run EFPA independent of the main program, the 
desired gross weight must be inputted manually into Register 
36. This is done automatically when execution of the main 


program is performed. 


KEYSTROKES DISPLAY 
msoo STO 36 14500 

XEQ (alpha) EFPA (alpha) CLEAN? 

0 (r/s) SKID? 

0 (r/s) FIX WHEEL? 
i (r/s) EFPA=33.3 


The above specifications were from the AAH~-64 Attack 
Helicopter whose actual EFPA is 33 sq ft. The computed EFPA 


Gprrers by .9%. 


B) Determine the EFPA of a helicopter with the following 
specifications: 
covtrguircation: = Clean 
Gross Weight: 2S 02) DS 


Landing Gear: Skid 


G2 





KEvo lL ROKES DISPLAY 
faoo STO 36 2150 
XEQ (alpha) EFPA (alpha) CLEAN? 
1 (ly sp SKED 


a (x/s) EFPA=5 .33 


Again, the above specifications represent a production 
aircraft, the OH6A, whose actual EFPA is 5.4 sq ft. The 


computed value differs by 1.33%. 


5. PROGRAM LISTING 
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Pevouty (RHO) 


1. PURPOSE 

This program computes the density of the air at a 
specified pressure altitude and temperature. In so doing, 
the program automatically calculates, but does not display, 
the density altitude and stores this value in Register ten. 
The equation used for this calculation is based upon the 
standard ICAO atmosphere and is accurate to an altitude of 


Bo, oc it. 


2. EQUATIONS 
Pe -menO (SSL) * {1 >= (K)7* (aj) **4. 2561 


where: 


RHO(SSL) is the density of the air at standard sea 
level which is equal to 0.0023769 (lb sec**2/f£t**4) . 


ioe?) * LO**=6 


H= density altitude (ft) 
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3. FLOWCHART (RHO) 






PROMPT FOR PA & TFMP C 
COMPUTE DA STO R10 


OMPUTE & DISPLAY RHO 
$TO Ril 
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eee PROBLEM AND USER INSTRUCTIONS: 


Find the density and density altitude when the pressure 


altitude is 0.0 ft and the temperature is 15 deg. C. 


KEYSTROKES 
XEQ (alpha) 
0 


5 
Ro. frnd 


foo) 


5. PROGRAM 


RHO (alpha) 
(r/s) 
(r/s) 


the density altitude 


BiéeLBL “EHO 
Qo =GOot= 

Az PROMPT 
$46,975 2-46 
Z 


ac CHS 
Ho 
mq GC Sb. 3 
Lid 2cuni 
iW ith 

z tT? =F a | 
lt ease = 
& e, ~ : 

i2 PROIRET 
23 == 

Pee ts 5 
id + 

16 oTG 19 
is 

if 

if 288.16 

ne 

$4 _9749¢ 


96 


DISPLAY 


PA=? 


Perio 2 


56 = 


Simply recall Register 10 


PHS 
i 
+ 


a 
AMS Asoo 
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ReGeiolER FILE 


REGISTER NUMBER------------------- INFORMATION IN REGISTER 
ee a ee es on Landing Gear Information 
aan =] ee ee Aspect Ratio (tr) 

Se Saou (er) 
I I a a Maciya Gir t 

RIND IS SS I Ghocds MarneRotor (¢) 
nan aa a Radius Main Rotor (r) 
SDDS SIRO IS SSS SS IS 7 Main rotor blades (b) 
I Cao (ine) 
a = = - = = + == Rotational Vel mr (rv) 
a COnueELOl. (erinter ) 

10 -- — nn a nn rn Density Altitude (da) 
ee a === RHO 

J SS OSS SSS SS OS SSS SS SS SSS Area mr (A) 
a Hip Velocity (Vt) 

(SS 9 Gecet OFT ciruse mc (CT) 
1 am nn nn nr rn rr rrr Tip Loss Factor mr (B) 
to) S SS SS SSS SSS IS SO Pi (oge) mr 

17 -------------------------------- H/D 

1 8 nn rn rn rr rrr rr Temperature (c to k) 

1D nn an nnn nnn nn  -  - - - - -- - SOlzaity mr (SD) 
SS Induced Vel hover (V1) 


oe, 





2 men rn en rer er Profile Power hover (Po) 


DD mm ee rn rn rrr = Total Power mr fwd (Pt fwd) 
ee Max Fwd Vel 

I II SS Profile Power fwd (PO mr) 
ee ee Forward Velocity (Vf) 
Se eee eee Induced tr Vel (portion) 
I Induced Power (mr fwd) 
7 ia 222 Se Parasite Power (Pp) 

a aaa os oo oe eae eS SOltdity Cer) 

as a oS oS eS eae ae cS Tocal Power (mr oge) 

ONL I I I I nl I Disk Loading (DL) 

ee ee a Aspect Radio (AR) 

3 3 rr er rer €SeGriicien= Of Lift > (Ch) 
ee ee Total Power (mr ige) 
a a a Empty Weight (WE) 

(0 SS SS SS SS SS SS SSS SS SSS SSS Gross Weight (GW) 

ee Tip Mach # (mr) 

2 2 eS Sa SSS SSS = SS SS SS SS SS SS Induced Power (mr ige) 
os eletiateeientiniian ananassae micas asian as ose Max GW (specification) 
BO) nn a nn nn a nn nnn rn rn rn re bemerma Of Tari s(i-tr) 

= = = = = = = = =~ DPaeuSt Of. tx 

OD nm nn rr rr rr rrr Radius of tr (R) 
a Area of tr (A) 

4 mw a nn nr err Dieevelr ce (Vt) 

OS mr rr rrr Coeff of Thrust tr (CT) 
46-------------------------------- MD 
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ig ee ea a ee a a ee ee i TAD LOSS eh actory es (8) 


Vee SS Pi(el-th) simevemecol, Oe 
I I PO(tr) Hower SSL oge 
eee Pt(tr) hover SSL oge 
a ——— ==> = MU (tr) 

elites ee Profile Power (tr fwd) 
er an a a Se Thawste.) (tr caw) 

On a nr en Cheer «uw > 
ee ee Beater fwd) 

i _ anna aa an Pia (etre) 

ee eee Pt (tr-fwd) 

ee ee Ci@ mca ets = (ec) 

ee # tr Blades (b) 

a a Tipe Macher) 
a Pipe Oeco minis tet) 

6 2 a = = Po tocal (mr+er) 

Sy EMUOML (Qnbere esa), 

6 4-------------------------------- EFPA 
ee skid Gear Weight 

Oi 2 Si Pee eGo el Ge dk Wie 
BSS 9 I I No. of Engines 
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APPENDIX B 


EXAMPLE/PROGRAM VALIDATION PROBLEMS 


PRELIMINARY DESIGN OF A CARGO HELICOPTER 


Pie@ectucdeibwisweascca to design a heavy@eargo helicopter. 


A determination must be made as to the most practical type 


landing gear to be utilized in the design. The following 


specifications are provided: 


Maximum Allowable Gross Weight 
Maximum Rotor Diameter: 

Maximum Velocity: 

Useful Load: 

Fuel Weight: 

Height of Rotor Above the Ground: 
Cdo Main Rotor: 

Geuese Velocity: 


taeeekotor Aspect Ratio (4.5 -— 8.0): 


Geemeait Rotor (1.25 €Cdo mrccdo ter<1.5 Cdo mr): 


Neemeot Lail Rotor Blades: 
NewroL Main Rotor Blades; 
Critical Mach Number: 
Number of Landing Gear: 


Number of Engines: 


40,000 
76 

180 
9000 
4500 
16 

Ol 
150 


Oe S 


lbs 
ft 

kts 
lbs 
lbs 


fete 


kts 


»O145 


In an effort to eliminate unnecessary repetition, 


user is advised to refer to the individuai program summaries 
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the 





Eouna more detailed description. Before proceeding further 
with this problem, the user must clear all flags and load MR, 


Pmevge ti, CHD, “RV, RHO, WE, and EFPA. 


KEYSTROKES DISPLAY 

XEQ (alpha) SIZE (alpha) Sryn-== 

068 0.00 

XEQ (aipha) MR (alpha) Spec Wt=? 

40,000 (r/s) R=? 

38 (r/s) Mch Crit=? 

O76 5 (GE / Ss) Viemax— «725.6 
(Ge7s) Vf£ max=? 

180 iE Ss) DL=7 .054 
(r/s) RV=197095 
(r/s) Ci=. 006 
a7 Ss) SD= .066 
(ie7S)} Ga OT 
(e7s)) AR= 19.28 
7S) CL= .512 
(r/s) R ok? 

1 (7S) No. MR Blds? 

6 7s) Cdo mr=? 

Ge Or ‘r/s) Pth oge= 2900 
a5} H=? 

16 (e/s) Pth ige= 2305 
(r/s) FIG MER= 0.73 
=) FM OK? 


JEG de 





4500 


9000 


}—- 


a6 


OrmiG.5 


180 


(x7is) 
(r/s) 
(r/s) 
(c/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
Ge/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(3/75) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(x/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
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WE= 24,000 
Wbh= 2516.35 
Wh= 1492.98 
Wp= 3479.66 
WE= 5040.00 
We= 1440.00 
We= 1440.00 
Wq= 6720.00 
WE 2= 22,128.99 
W-FL? 

USE LD? 

Stipe 

MR>2 blds? 
TGW= 36,311.5 
WI OK? 

R=? 

Mch Crit=? 


VieMix= 9/25 ,02 


V£ Mx=? 
DL= 8.004 
RV= 19.095 
CT= .006 
Spee Oy > 





16 


XEQ (alpha) CLP (alpha) 


If a printer is to be used, 
appropriate PTOT program. 


used. 


XEQ (alpha) 


02453020 


0 


igs: 


(alpha) MR 


(3775) 
(r/s) 
7s) 
(57.5) 
(r/s) 
(x/s) 
(r/s) 
(545) 
(r/s) 
7s) 


PTOT (alpha) 


(E7s)) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(r/s) 
(es7/5)) 
(r/s) 


(alpha) 


Continue for PHV, FM, CHD, 


R OK? 
NO MR blds? 
Cdo mr=? 


Pth oge= 3463 


Pth ige= 2743 

FIG MER= 0.75 

FM OK? 

Clie MReeHY  , PM CHD, RY 
Input PTOL, PCOMP, ESHP 
ep 


ea 


Input PCOMP and ESHP. 


connect it after inputting the 


LOS 


For this example, a printer will be 


PEO CNT NO. 
PA=? 

TEMP C=? 

AR tr=? 

NOw eb Bilas 7 
Cdo tr=? 
EFPA KNOWN? 
CLEAN? 


See 





IL (rs) EFPA= 54.83 
(7s) No. Engs=? 


2 (r/s) 


For this example, the power requirements are applicable 
to standard sea level conditions (0 pa, 15 deg C). The 
user may, of course,use any altitude. The aircraft, being 
Siueene Cargo type, will erobably not have clean lines. For 
this first iteration, a skid gear is used. Recall that the 
skid is used as a base for the fixed and retractable type 
gears. The control number (.18020) was selected because the 
maximum velocity of the aircraft is 180 knots and 20 knots 
is a suitable increment. Note how the printer outputs the 
power required at specific velocities. Once the printer 
Signals the completion of the program, the user re-executes 


the "WT" program. 


XEQ (alpha) WT (alpha) W FL? 

4500 (r/s) USE LD? 

9000 (r/s) SKID? 

0 (r/s) NO. LG? 

4 (r/s) ExGR? 

al (a7 Si) T GW= 37209.57 
(Ee / Ss) INE Chl NG: 

0.18020 (7s) EFPA KNOWN? 

0 (r/s) CLEAN? 

0 (r/s) SKID? 
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0 (r/s) FIX WHEEL? 


if (r/s) EFPA= 62.42 
(r/s) NO. ENGS=? 
2 (r/s) 


The printer now displays the power required from 0 to 130 


knots, incremented every 20 knots. 


XEQ (alpha) WT (alpha) W FL? 

4500 (r/s) USE LD? 

9000 (r/s) SKID? 

0 (r/s) NO LG? 

4 (r/s) FX GR? 

0 (r/s) T GW= 37464.62 
(a7 S)) INPUT CNT NO. 

2138020 (r/s) EFPA KNOWN? 

0 ays) CLEAN? 

0 (re Ks } SKID? 

0 (r/s) FIX WHEEL? 

0 (r/s) BBP o Soa 
ays) NO. ENGS=? 

2 racy 





The printer now displays the power required for the air- 


craft with a retractable landing gear. 


SKID FIXED WHEEL RETRACTABLE GEAR 


TOaTRL FOWER | TOTAL FUORER TaTAL FOLDER 


mt ion 2 es sit ae m4 en ” £3 
pyeteait Sis5 ea Se de GH=27404, he 
z —~ tte? eee Sree a 
nae 2% a erone=7 73 
-" > = COoStecs sci Perot, f+ 
cepossd 8: reesa?, 42 be rH 4s. 
-= = = = ‘oe 
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i of 
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fa 
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oreo 
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2h £44 — bee oe 
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ht 
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ve 
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eaty REF 2318 SRE a 
is me wie 
ee ; (a0 +x iAa 44% 
{fA 0 kas iB | : 
3 HS m4 i = ext Seine EXE 
=.= a 4% 3 re . ot o,f 
SP #e% 2615 
oe, fe e "3% ~ 
4% =. ret 4 ty zbky 178 ZEEE 
i - ERE see 
= = Seen 44437 te 
ree pe 27715 Ez HAS co 
Sis 3 ea 


fie 
Hn se 
de fe 
itt 


te) Fs. 
ale oa 
“vy 
Hed neem 
ra 


ote feascee 


“tt 


oes Sane ae tery $52 
1A ; i oi EEE 16H am 
ih ZEEE = 
eee 2225, cae 
_ J Arr a es mabe ial 
raed Fz eoane cas 


ie 
+4: 
tt 
bb 
mc 
“a4 0Tre 
is: 
rs 
Bi 
es 
garete OES 
+4 
it 
bt 


nae 
is 7 Qeetete 
“ye 
0 
Ns 
3d: 
td 
ace 

is 
PS 
at 


106 





From the above data, the user can readily see that, ata 
hover, The helicopter configured with the skid gear requires 
less power due to the gear's reduced weight. As forward 
speed increases, however, the effective flat plate area 
value (parasite drag) begins to affect power requirements. 
The skid configured aircraft always requires less power than 
the fixed wheel aircraft due to its lighter weight and 
smaller EFPA value. 

The benefits of the retractable gear's reduced drag versus 
the skid gear's lighter weight are not appreciated until the 
aircraft attains its designed cruise velocity of one hundred 
and fifty knots. Since the aircraft will certainly be flying 
at or below cruise velocity more than above this speed, it 
seems logical that a skid type gear should be employed in the 
design. This logic begins to lose its validity when it is 
understood that heavy cargo helicopters are often not capable 
of performing a hovering type take-off, as would be required 
with skid gear. 

The environment these aircraft operate in (heavy loads 
and oftentimes high density altitude) results in rolling 
take-offs being used to keep within engine and transmission 
limitations. The question of skid versus wheel type gear is 
therefore academic when heavy cargo helicopters are concerned. 

When comparing the fixed and retractable data, it is 
apparent that at approximately 60 knots the retractable 


geared aircraft begins to require less power even though that 


Le 7 





aircraft is heavier by more than two hundred pounds: Since 
the helicopter will be flying at speeds much greater than 
sixty knots, the most advantageous landing gear is the 
retractable type. 

The landing gear data may be evaluated in graphical form 
by using the program "Myplot." The following is a graph of 


the preceding data. 





HELICOPTER POWER REQUIREMENTS 


SHAFT HORSEPOWER VS. AIRSPEED - POWER CURVSS 
STANDARD SEA LEVEL —— o = SKID 


Oo @ FIXED WHEEL 
4 = RETRACTABLE WHEEL 





66000 66000 


SHAFT HORSEPOWER 


Ji 0 





RCCL EAC 
Nee TTT 


SS 


00 200 4.0 @0.0 86.0 {00.0 1200 140.0 166.0 180.0 200.0 
AIRSPEED (KNOTS) 


2600.0 3600.0 
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The user might well want to know how rane additional 
velocity could be attained by using the retractable type 
gear as Opposed to the fixed wheel. From the data, 8622 hp 
1S required to achieve the maximum forward velocity using 
the fixed wheel gear, 601 more horsepower than the helicopter 
with the retractable gear. If power is the limiting factor, 
it 1S a simple matter to convert the 601 excess hp into 


velocity. 


KEYSTROKES DISPLAY 

XEQ (alpha) PTOT (alpha) INPUT CNT NO. 
30, 19001 (r/s) EFPA KNOWN? 

i (37S) EFPA=? 

53.74 775) 


The printer computes the power required from 180 to 190 


knots in increments of 1 hp. 


= _ a8) z io4 ZER 
TOTAL POWER ‘lg4 
Po 2 tk o cis 
pers FF 
£y . . 
BOR Gla arts 78S EE 
= $7 +6 
seer ating ee seen 
Pers oF RES 
Peruse 
C40 BRE 
LHe the 
2g Zt 
r zis a = 
VEL {EROS 
e SH? 
449 ee 
wad He oF oe 
= nA £46 kas 
i8 RES. Ys RS 
SHA £z2 
| tex 
a oe aged ER 
igi aes 
S143 £kz 
{245 
Log 25% 
2% sek sack tex 
2 tte rae 
37 = 
oH =a 
Sh SEF 
7 220 4 sé 
ina eke 33a : 
24 HX 


Og 





From the data, 8622 horsepower is required at approxi- 
mately 186.5 knots. By using the retractable gear, the 


maximum velocity has been increased by over five knots. 
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HUGHES AAH-64 DESIGN COMPARISON 


The following data is from the AAH-64 helicopter: 


Specification weight: 17,640 lbs 
Critical mach #: SOS 

Fuel weight: 1600 lbs 
Useful load: 4351 lbs 
Max. fwd. vel. 155 knots 
Main rotor diameter: 48 ft 

Gdo main KrOtOr: SO 

eae, tail rotor: aoe 

No. main rotor blades: 4 

Nee tail rotor blades: 4 
Cenriguracion: Dar ty. 

No. of engines 2 

No. of landing gear: 3 

HeLent Of GOtOL above grd: ee eee 
aspect Latio, tr Sea 


Using the above data and the procedure of the example 


problem, the following power results were attained: 


ae 





SKID 


TOTAL POWER 


=. 2245 
fH5, dB2t 
é6 
a ‘= 


ia ERE 
1,298, £ed 
| eee 
Leet eee 


‘eee. oe 
mye este 
Ct 


#¥% 


Deena £xz 
ca. 24% 
1,ifd, ERy 


Sh, 9 $44 
ie oee EF 
1aa, 
1,476. ELS 
(26, ae 
+ 324 ZxE 
14h, bee 
2s Sal : eee 
ind, FEE 
3,829. ao 


Lae, $EE 
3,993, 0 ee 
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The Hughes AAH-64 utilizes a fixed wheel type landing 


The airspeed vs. power graph depicts the actual power 


qear. 


= 


requirements of the AAH-64 at various airspeeds and weights. 


S 3 
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ee 
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By approximating the computed gross weight line for the 
fixed wheel gear data (16,236.47 lbs), a comparison between 
the actual and computed power requirements can be made. The 


following table shows this comparison and the percent error. 


VEL HP ACTUAL HP COMPUTED |% ERROR| 
0 2320 1958 P5716 
20 2000 ia 3 ee 
40 1500 1334 edie 
60 1220 22S On 2 
80 e220 1309 tae 
100 Pe 5 Sioie 12.9 
HEZO 1680 1952 16.2 
140 2300 25 N6 9.4 


The average percent error is 10.15 
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COMPARISON OF ADV. SYST. COMPUTER PROGRAM 


One Of tue primary goals of this project is to develop 
programs for the HP-41 which output values to within 10 
percent of the Army Aviation Research and Development 
Command's Advanced System's Computer Program. The following 


data was inputted into both programs. 


Radius of main rotor blade= Pe 
Critical mach number= OR 
Maximum fwd. velocity= 160 knots 
Specification weight= 18000 ibs 
No. of main rotor blades= = 
Geerricient of drag at 0 lift= 2 OL 
Height of rotor above ground= hawt Lt 
Fuel weight= 4000 lbs 
Useful load= Si50 Slbs 
Tail rotor aspect ratio= 8.0 

GQomr OL Gragq at O lift (tr)= ~9145 
NemeoL Gail rotor blades= 4 
Configuration= Clean 

No. of engines= 2 

No. of landing gear= 3 


eS 





Using the PTOT (printer) program, 


was outputted: 


SKID 


mig e oe S28 CaF 
et ih?as, 4a0) 
Cream. 3y Ge 
ae ros, se! 


Fm res 
+ He 


Geveet 
fv 
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ie 
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FEE 
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TOTAL POWER 
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the following data 


RETRACTABLE GEAR 
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A comparison of the Advanced System's output reveals the 


following: 
VEL SKID Pix WHEEL RETK GEAR 
HP41 AD SY [ER HP41 ADSY SER| HP41l ADSY  {|{3ER| 
0 Soe IG ee ONGO 1923 2065 6.88 1941 2085 coo 
20 foes, 1738). 9.71 1666 1846 9275 2 Go2 o> Ou: 
40 1204 1344 10.42 12S ee oGmee hon se | 250. 1406 10.53 
60 S97 a sy 3.0m 1749" dks 4.09 1141 #1193 4.36 
80 yo 1143) «6.2262 1221 1194 2.26 1188 1166 ioe 
mG 1356 1264 =7.28 1421 1330 6.84 1348 1269 5.25 
ie, i647 1508 9.22 7A Voz 7.40 1610 1498 7.48 
140 2049 1984 £3.28 2187 2147 S67 eo 76 256 GZ 
160 2576 2688 £=4.17 2772 2780 -28 2453 2628 6.66 
Skid avg % error 6.39 
Fixed wheel avg % error= 5.53 
Retr gear avg % error= Gra) 


It is readily apparent that the goal of 10% accuracy has 


been exceeded. These programs are rapidly executed, inexpen- 


Sive to run, and sacrifice a very small percentage of accuracy. 


ee 





The following printouts depict the Advanced System's 


Branch computer output for Skid, Fixed Wheel, and Retractable 


Type landing gears. 





























S 
i 
nor) a 
Z L 234 - a 

se) re. Sn « eG. J oie a2. Go 3. ook a aes 
HHO Le nN, ~ic. os or tetas als 445. Logs a Tae 
v C Ue Je ‘de ae 
yu aa oe uF On le. ae 34, eo Caer S4q4, 
Rees A yc 2 & ys Le Zr 
ee L346 ez Jie ie She ce De ie a. Ads as 
77 aN e Ces El « ae ae a04 54. S1le Pe i 
4pacc Soils Dare B36 ae. cats 5 Si aoe 2 Soke 
MR cL es. = 73 3- ete Cae e Lec Sete behets "2903. “184. 25a 
eM R A tec | Sa Brees? 2 te oe ge ee ee Ug BI es 
Seen y 0 ts 3 ee Bs os 6 2045 6 2 ae). JU Rei 3Svare Bane ae BoA ee 
eet fs) A OT WAR 6 A Ve 744, ao is te. ae cae LS He es 
i RN Sr ete ee te or we de Veleiwe D6 Le ay Sel P23) Ded 
Coen te) een Coe: 2 ad eo ae Dee ie. eee Beets 
AY <ul rene ee eee ts Q.1-2 tact ae Giese for De fee acer 
oe ee et oe 1.4 2% 3.4 6.6 ono 62% 
role ene ny tad occ ee? Zee 2.4% Zel Lo CG Deus mo 
EYis 3 <4 one 2.4 no 2 L.2 55 on On eee 

EL : ii 75 28 35 a c 
Dee eT n. S. ie = Gee eo, ee ee 9 

so 





e- ‘J @ 

Sepa ee He eo Tre « LOSS 4. — 2 

. e ns . Y wee. ee aes Be Cons 
eee (~% 123 ent. E Ne Lact Ss Se 904? “oo 

ca ny ian | Ne 2) Wea e Wore: od cee 5 ‘ 





eo rm emas 








ee Se 


218 





———— mio. 


ed a ee 


re 


thi 


ie 


ET ie 


ery 


ot 
Vd 


$C) 


= 


-J 
int 


t— 


= ly { 


ctx 


ry 
ebm 


> e 
ov ut 
3 is 
oI 
cS 
5° 
«a 
a ° 
SS Ihe 
t- | 
tL fea 
wt} 
Ke 
wr 
° 
as 
vd 
te Ie’ 
‘€ 
GC 
° 
OO] e 
aah eed 
at | Hee 
Wo t-4 
o 
q 
> 
_ © 
a~ 
ty 
ay 
=e) 
® ° 
aes 
toy 4.” 
~ 
-- 
ee 
° 2 
C¢. aa 
T 
ve e 
at lie 
@ ICY 
TT 
io 
et 
fr 
lt id 
aan 
uy 
be 
l, 
C* |e. 
uote. 
e }- 
“y 
CA [we 
v- 
sees 
Cs is 
“D pas 
% 


t7) 
us 
m 


f- 


ay 


-4 
wy 
NJ 


~ 4h 36 


na) 


¢ 


a 


- 
ees Fo? 


a a8 


ro 


oe kt 


RB 


me 


‘*y 
i 


o4 
oot 





“y) 


3°) 6 


LIM 


7 
We 


La 


Ny 
if 


‘{\ 


I} 


tw 
ifs 


Qn 


ey 


ey 
ay 


ft. 
aT 


ed 
oe 


“J 
OO 


ia 
“"y 


“vs 
ry 
-4 


bs 456 


tx 


™ 


NJ 


0° 
© 


mJ 


de 


e 
“i 
Nt 


ni 
rhs 
on 


AV ALL 


7a P 


fvJ 


=¢ 
re. 


q 
') 


oe 


iy 
ce 
~y 


= 


icin 


iN) 


r/4 
c-? 
ec 


Qa 
ny 
a 


- 


eG yes) 


¢ 
- 
—_ 


F's 


iPey iat 


ww ev 


st 


uC 
s 


“E) 


igs 
t ‘ 


> 7 
Baten en: 





a 


Chee 





ow 


i 


on 


SD; 





=—(| 75% 


Des 


“"y 


aati dh Maco een: 


LL 
tr! 


| 
er 





mag 





ee ee ee e. 


ee 








2 


a 


~ if. metry 
Vee Peale) UK 





3 


a ‘4 


= 
Jv 


f- 


rif 


e 


tad 


2 f Alo 





1 





cee 
rc 


> 
i? 


Cy 
st 
st 


234.6 


sO 
"ny 
eo! 


fy. 
<) 


Cc. 
~4 





de 


HEC YP 


Oe 


"a 
' 
« & 


sey 


50. 


if 


qa 


{~- 


uN 


ay 


t 


f we 


aa 


a 


Cc 
r i 


cy 
tls 


GN 
ics 


cm 


ign 


- 


ie 
| 


\ 
fw 


mM 


a | 
Gn 


et 


NI 


PMY 


ot 


vy 
2] 
ry 


¥ 
Pee 


aN | A ar a rr a i ent te Ae me 


e@ 
74 


Seas 


REY: 


" 


ged 
’ 


+ 
— 


ioe 
- 


“JL oer 





i? |e-4 
ef 
ey 
e~4 e 
1B 
ee ju 
@ltyy 
Cle 
=| s 
i“) 
sper 
elf 
OPN 
r-i| e 
y 
qa [re 
ect 
ia {[ 
pod e 
Cr 
ff Jia 
@u:F 
vated 
of e 
™ 
e 
(ar 
4 
eC 5 
e 
> 
f-4 
Ww 
e 
m7) 
ae 
4 
e 
¥* 
pt 
« 
1h 
ry’ 
a 
Gy 
«a? 
os aa 
Oy int 





a) 


~ (= 


oy 


| 


cel 


i) 


-& 


C.J 


q 


0.7 


ant 


e-4 


ah 
(gy 


+ 6 


a., 


cel 


‘da 


A 
4 


rN 


a 


' 
= 


“boas 


OJ 
od 


Zee 


vy 


oy 


tc 


eS 


Ue iy 


cy 
Cc. 


cr 


cay 


Ve 


ent 


< 


_—s) 


4 


e 
4 
{ 





a eee ie 


eee a oe 


; 31 De 


a 
af 





Piri foe 


© J); 


ee a 1 | 


xy 
« 
e 


( 


2 


toy 


Vea 


ent bay 


mph 


rn 





2 





APPENDIX C 
COMPUTER GRAPHICS PRINTOUT 


MYPLOT AND POWERPLO COMPUTER PRINTOUTS 
The following program graphs the power data for a skid, fixed 
wheel, and retractable geared configured helicopter. The attached 


graph is an actual plot of the example cargo helicopter. 
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The following program plots the data from the PTOT (Full 


Display) program. 
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